Background: Adolescents with excess body fat and eutrophic had the same metabolic changes expected in obese individuals.
Introduction
Adolescence is characterized by physical, psychological and social changes. It is a period during which major events such as the growth spurt and sexual maturation 1, 2 .
Significant changes in body composition occur during adolescence and especially during puberty. The monitoring of body composition during this phase is important since many aspects of composition such as weight, body fat and lean tissue, are predictive of adult phase characteristics 3 .
During this period, the classification of nutritional status is more complex due to the changes mentioned above and to the adjustments that occur during the growth spurt and it is difficult to assess adiposity and obesity. At that age, weight and height are less specific indicators of nutritional status, and the adolescent may be assessed by anthropometry and body composition analysis, clinical and biochemical examinations, individual as unit of study. The survey was conducted with 113 female adolescents, 14 to 18 years old of Viçosa, MG, having as inclusion criteria: to study at public schools, to be a resident in the municipality and had already presented menarche for at least a year, a fact that contributes to greater homogeneity of the sample.
The adolescents were divided into three groups according to the percentage of body fat and body mass index:
• Group 1 (G1 = 38) -≥ 28.0% of body fat and body mass index with values > 10.0% and < 85.0%, according to age and sex 6 ;
• Group 2 (G2 = 40) -body fat > 15.0% and < 25.0% 7 and body mass index with values > 10.0% and < 85.0%, according to age and sex 6 , and
• Group 3 (G3 = 35) -≥ 28.0% of body fat and body mass index with values ≥ 85.0%, according to age and sex 6 .
According to Sigulem et al 7 , the cutoff points for classification of high percentage of body fat are those ≥ 25.0% for Lohman 8 from this value, adolescents can be classified at risk of overweight. The value of 28.0% was chosen with the purpose to get people who actually possess a high percentage of body fat, trying to increase the specificity in order to reduce false positive results.
Methods
For anthropometric measurements, weight and height were measured using the techniques proposed by Jelliffe 9 . Weight was obtained in electronic digital scale with a maximum capacity of 150 kg and subdivision at 100 g. Height was measured by stadiometer, with a length of 2 m and 0.1 cm scale. Body mass index (BMI) was classified according to the anthropometric reference of the Center for Disease Control and Prevention and National Center for Health Statistics 6 . The body composition (body fat percentage,% BF) was obtained by horizontal bioelectrical impedance (Biodynamics, model 310) 10 . To this extent, the adolescents followed its own protocol for this purpose: being at least 7 days of last menstrual period and at least seven days from the date of next one 11 ; fasting for 12 hours 12 ; did not perform physical exercise for 12 hours before examination 13 , did not drink alcohol within 48 hours before examination 13 ; did not use diuretic at least 7 days before 14 ; did not carry any metal object during examination 14 ; and urinating 30 minutes before 13 .
To measure the circumference, it was used a measuring tape, with 2 m of length, flexible and inelastic, divided into centimeters and subdivided into millimeters. The waist circumference (WC) and hip circumference (HC) were measured as recommended by Taylor et al 15 . The waist-hip ratio (WHR) was the ratio of the measurement of waist and hips.
Blood pressure (BP) was measured according to the recommendations of the V Brazilian Guidelines on Arterial Hypertension 16 using blood pressure monitor with automatic inflation recommended by the Brazilian Society of Cardiology 16 . The cutoff points for systolic and diastolic pressures were based on the percentiles of height for age and sex, using the values described in the guideline.
For biochemical evaluation, blood was collected after 12 hours of fasting, being analyzed in the Clinical Laboratory, Division of Health, Federal University of Viçosa, in Viçosa, MG. The samples were collected by venipuncture, with disposable material, by using the automatic biochemical analyzer COBAS™. The levels of leptin, insulin and homocysteine levels were measured in a reference laboratory in Rio de Janeiro, RJ.
Lipid profile
The lipid profile was established within the parameters of the I Guideline for the Prevention of Atherosclerosis in Childhood and Adolescence 17 .
Fasting glucose
The assessment of glucose levels was based on American Diabetes Association 18 .
Fasting insulin
The cutoff point used to classify the values of insulin was the one recommended by the I Guideline on Prevention of Atherosclerosis in Childhood and Adolescence
17
.
HOMA-IR
For the control of insulin resistance, the Homeostasis Model Assessment (HOMA-IR) method was used, based on I Guideline for the Prevention of Atherosclerosis in Childhood and Adolescence
17
HOMA-IR = glucose (mmol/l) x insulin (μU/ml)/22.5
Homocysteine
The reference values for considered for homocysteine were those suggested by the III Guideline for Dyslipidemia and Atherosclerosis Prevention 19 .
C-reactive protein
The reference values established by the III Guideline for Dyslipidemia and Atherosclerosis Prevention were used 19 .
Leptin
For the leptin assays, reference values from 0.1 to 19.7 mg/ dl were considered, according to reference values for clinical laboratory analysis (LINCO Research kit). 
Statistical analysis

Results
The teenagers were in the middle phase of adolescence, having passed the growth spurt and presented the characteristic changes of puberty, since it already had at least one year of menarche.
The minimum, maximum and median values, mean and standard deviation of anthropometric, biochemical and clinical variables of adolescents studied (Table 1) . Abnormal results were obtained in some adolescents, because the maximum values of blood glucose, insulin, HOMA, total cholesterol, LDL, triglycerides, leptin, homocysteine and CRP levels were above the desirable values. More than half of adolescents had total cholesterol and CRP levels above recommended levels. Table 2 shows the prevalence of clinical and biochemical abnormalities of the adolescents studied. It appears that the index of insulin resistance (HOMA), the values of insulin and leptin levels were higher in adolescents who had higher body fat percentage; however, other variables did not behave the same way. Table 3 presents the minimum, maximum and median, mean and standard deviation of biochemical changes of the adolescents studied. The group of eutrophic adolescents, with high adiposity, behaved, in relation to blood pressure, HDL and glucose levels, similar to adolescents who present overweight.
There was a correlation between anthropometric variables, body composition and clinical status of adolescents studied (Table 4 ) and the waist circumference could be identified as the variable that best correlated with the others. Table 5 shows the correlation between biochemical parameters, anthropometric variables and body composition of adolescents who participated in the study. The HOMA variables and insulin were the ones that best correlated with anthropometric parameters.
There was a correlation between biochemical variables and clinical characteristics of adolescents in this study (Table 6 ).
Discussion
The assessment of body weight alone is not able to determine the state of obesity of an individual, as it is not possible to know if overweight is due to fatty tissue, fat free mass, or both. The BMI does not reflect the changes that occur during adolescence, thus, making the evaluation only by BMI may be insufficient to diagnose overweight and it is important to detail the components of the body composition 20, 21 .
Even when the BMI is considered appropriate, excess body fat can contribute to the development of chronic non transmissible diseases 22 . Beyond the current preoccupation with the adolescent becoming obese adults, there is also concern with obesity during adolescence, because, as it can be seen in this study, when assessed by eutrophic adolescents are evaluated by BMI, but with a high percentage of body fat, they had changes similar to those found in those with overweight.
According to Almeida et al 23 , problems such as formation of atherosclerotic plaques, glucose intolerance, type 2 diabetes, dyslipidemia and hypertension are present also in this phase of life, especially in individuals with excess weight. However, several factors complicate the diagnosis of important metabolic alterations, such as lack of knowledge of the situation mentioned above, access to laboratory tests and the fact that adolescents are asymptomatic.
It was observed a significant association between G1 and G2 and between G1 and G3 for HOMA, in which individuals who are overweight had a 4.5 times greater chance of changes in the levels of this index. For insulin, the association was observed between G1 and G3, with 4.5 times greater chance for developing changes in the values of this hormone (Table 2 ). It appears that the values of HOMA and insulin were higher in adolescents with higher body fat percentage (Table 3) .
Assessing the lipid profile, it was found that G1 and G3 have had mean and median values for total cholesterol above the desirable level (Table 3) , ie in more than half of teenagers, it was already possible to identify this change, noting that 42 5% of adolescents in G2, ie eutrophic, had total cholesterol levels above the desirable level. Faria 24 , in a study on diagnostic criteria of metabolic syndrome associated with excess weight, body fat and insulin resistance in adolescent girls, found inadequate levels of total cholesterol in 57.0% of the population, 22.0% for triglycerides, 47.0% for LDL and 50.0% for HDL, even in eutrophic female adolescents. According to Fonseca 25 , atherogenic dyslipidemia is characterized by elevated triglycerides, low levels of HDL fraction and increased levels of LDL.
The genesis of atherosclerosis is correlated to lipid levels in adolescents, with the possible identification of atheromatous plaques in this phase. The genesis of atherosclerosis can begin in childhood with the development of streaks in the aorta and its progress in adulthood, being therefore important the early identification of high risk based on obesity, high body fat, family history and lipid abnormalities. Decreased levels of HDL accelerate the progression of atherosclerosis, because their function is the reverse cholesterol transport, ie, the removal of cholesterol from cells, transporting it to the liver for metabolization. Moreover, it prevents the aggregation of LDL particles to the endothelium 4, 26 .
Ribeiro et al 27 , assessing cardiovascular risk in children and adolescents between 6 and 18 years old, found that 32.9% and 25.1% had total cholesterol and LDL, respectively, above the desirable values, and 17.0% had HDL levels below desired levels.
According to the I Guideline for the Prevention of Atherosclerosis in Childhood and Adolescence 17 , epidemiological studies in Brazil have identified the prevalence of primary hypertension, which ranged from 0.8 to 8.2% among children and adolescents. In this study, it could be seen that 3.54% of the female adolescents had high blood pressure, all of whom had overweight, with association between G1 and G3 with a 1.13 time greater chance for developing changes in the blood pressure levels ( Table 2 ).
We could identify the influence of body fat in the blood pressure, systolic and diastolic, as there was no statistical difference between G1 and G3 ( Table 3 ). The correlation between systolic and diastolic blood pressure, WC, HC, BMI and body fat percentage was significant, demonstrating the relationship between adiposity and blood pressure levels (Table 4 ).
According to the I Guideline for the Prevention of Atherosclerosis in Childhood and Adolescence
17
, increasing global prevalence of primary arterial hypertension in childhood and adolescence has a direct relationship with increasing prevalence of obesity, with obesity as a risk factor for systemic arterial hypertension in childhood.
Analyzing the levels of leptin, it could be noticed a significant difference between groups: G1 > G2 and G1 < G3. Association was observed between G1 and G3 with 3.73 times greater chance for changes in leptin levels (Table 3) . There was a correlation between leptin and total cholesterol, weight, BMI, WC, HC and body fat percentage (Tables 5 and  6 ). The influence of body fat in determining levels of leptin is highlighted, which increases in line with changes in body composition. Some studies identify a correlation between leptin and insulin, a fact not evidenced in this study 28, 29 .
Arslanian et al 28 found that leptin levels reflect body fat stocks and apparently there are no differences between genders and between stages of sexual maturation. Correlation was found between leptin levels and fasting insulin levels. The study found that obesity and hyperinsulinemia are associated with high levels of leptin. The authors state that there is still much controversy among the results of research involving leptin.
Anahita et al 30 , studying leptin concentration in obese children, found that it correlated with levels of systolic and diastolic blood pressure and triglycerides. The leptin concentration was significantly higher in obese subjects.
Leptin is related to weight control and possibly affects insulin sensitivity. In vitro studies have shown that increased levels of leptin can inhibit the secretion of insulin 31 . In a study on insulin resistance and leptin, conducted with 402 adolescents, and Huang et al 31 found that leptin was positively correlated with central fat distribution and total body fat, with levels of triglycerides and HOMA. The same authors claim that leptin levels have been associated with decreased arterial distensibility, and leptin potent predictor of cardiovascular disease and metabolic syndrome in adolescents.
The prevalence of hyperhomocysteinemia was 3.54%, with no difference between groups (Table 2) . Homocysteine is an amino acid important in the formation process of DNA, with hyperhomocysteinemia associated with cardiovascular events in adults by facilitating the process of oxidative injury in the arteries and increase muscle cell proliferation. Among adolescents, correlations between homocysteine and diabetes or metabolic syndrome variables have been inconsistent, the association with BMI and blood pressure is low, with usually exempt lipid profile 32 .
According to the III Brazilian Guidelines on Dyslipidemia and Prevention of Atherosclerosis 19 , although homocysteine is not considered an independent risk factor, its elevation may be a marker for the development of vascular disease and a worst prognosis in patients with atherosclerosis.
The C-reactive protein was altered in 12.38% of teenagers, no statistical difference between groups; however, adolescents with higher percentage of body fat showed higher values ( Table 2 ). Average and median values were above the reference values, while more than half of adolescents with this change (Table 1) . CRP values were not correlated with the anthropometric variables, clinical or biochemical (Tables  5 and 6 ).
The C-reactive protein (CRP) is a marker of inflammation and elevated levels are associated with increased risk of coronary disease in healthy adults and may predict increased risk of future coronary events 33 . In a study correlating levels of C-reactive protein and anthropometric profile, percentage of body fat and lipids in adolescents, Vikram et al 33 found that individuals who are overweight and a higher percentage of body fat had higher levels of CRP, with no correlation with the lipid profile. Even small changes in concentrations of CRP may predict the development of cardiovascular disease and diabetes. Inflammatory cytokines released by adipose tissue stimulate the production of CRP and may be associated with the development of cardiovascular disease because they cause changes in insulin sensitivity, increased release of adhesion molecules by endothelium increased hepatic release of fibrinogen and pro-coagulant effect platelets in children and adolescents 34 .
The percentage of body fat showed a strong correlation with weight, BMI, WC, HC and lower correlations, but significant, with systolic and diastolic blood pressure and WHR (Table  4 ). There were poor correlations between the percentage of body fat and biochemical HOMA, insulin and leptin tests. There was no correlation between body fat and lipid profile (Tables 5 and 6 ).
It was found that waist circumference was the variable that most correlated with the others (Tables 4 and 5 ).
Waist circumference and waist-hip ratio are used as measures of body fat distribution and risk indicator of metabolic diseases, however, have limited use in adolescents due to the absence of validated cutoff points 4 . According to Oliveira et al 26 , waist circumference alone has been shown greater association with metabolic changes than the waisthip ratio, also in adolescents. Due to the rapid changes occurring in the pelvic girdle, characteristics of adolescence, especially during sexual maturation, changes in waist-hip ratio may be more related to these changes than changes in body fat distribution.
Waist circumference is considered the most sensitive parameter and specific accumulation of body fat in the upper body. It is a measure that can be used in isolation in determining risk of developing metabolic disorders in young people, including children and adolescents 27 .
The use of waist circumference as a predictor of cardiovascular diseases is related to the role of the central location of body fat. Adipocytes in this region are more resistant to the antilipolytic effect of insulin, in addition to being closer to the portal circulation, releasing high levels of free fatty acids, which can contribute to increased synthesis of VLDL, increased gluconeogenesis and decreased insulin clearance. This fact contributes to increased peripheral insulin resistance and hyperinsulinemia, promoting the development of hypertension and atherosclerotic process 35 . Importantly, the presence of several changes among adolescents in this study, whose maximum values of blood glucose, insulin, HOMA, total cholesterol, LDL, triglycerides, leptin, homocysteine and CRP levels were above the desirable values. More than half of adolescents had total cholesterol and CRP levels above recommended levels.
Lipid changes are worrying, since the atheromatous plaques can initiate their development in childhood and adolescence, showing a direct relationship with lipid profile. Thus, the nutrition education programs are very important that aim not only at maintaining healthy weight, but also adiposity within normal values, in order to prevent the occurrence of metabolic and clinic changes during adolescence and more severe complications in adulthood.
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